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sense, each pesticide poisoning report
could potentially serve as a true sentinel
health event for the state. E
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Lead Exposure in Outdoor Firearm
Instructors
Ram K Tnipathi, PhD, Peter C. Sherertz PhD, Gerald C. Llewellyn, PhD,
and Carl W. Annstrong, MD

Introdudion

Lead poisoning from exposure to air-
borne lead in indoor firing ranges is an
occupational disease of public health con-
cern. Several studies of occupational lead
toxicity have been documented at indoor
firing ranges.'-7 The major route of ab-
sorption for lead in firing ranges is through
inhalation of lead dust and fumes. Inade-
quate ventilation and lack ofpersonal pro-
tective equipment use by instructors may
result in lead toxicity.

Instructors assigned to firing ranges
are likely to have higher exposures because
they may spend significant time in that en-
vironment. Several occupational studies
have suggested that exposure to lead may
be a health risk for users of indoor firing
ranges.8-10 However, the extent of this risk

among firearm instructors at outdoor firing
ranges has not been documented. This
study had two objectives: to evaluate the
health risks to instructors from airborne
lead exposure from nonjacketed, lead bul-
lets; and to document the reduction or
elimination of this riskby using totally cop-
per-jacketed lead ammunition.

Metods
Two instructors, not involved in fir-

ing, were studied from June 17 to Septem-
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ber 4, 1987. Cadets fired a total of 950,
1,539, 3,000 nonjacketed, and 2,160 jack-
eted bullets on June 18, 19, July 7, and
September 4, 1987, respectively. The total
number of cadets involved in firing were
seven, seven, six, and six on June 18, 19,
July 7, and September 4, 1987, respec-
tively. A description of the covered out-
door range was reported previously.11
Thirty-eight caliber police revolvers and
conventional, nonjacketed lead bullets
(.38 special caliber, manufactured by 3D
Inv, Inc., Doniphan, NE) were used, as
well as totally copper-jacketed lead bullets
(.38 caliber special ammunition, Omark
Industries, Lewiston, IA).

All background, general area, and
breathing zone air samples were collected
on cellulose ester filters following stan-
dard procedures.11 Background and gen-
eral area samples were collected within
the perimeter ofthe range one hour before
and during firing, respectively. The
breathing zone samples were collected
near the chest and face of the instructors.
All samples were analyzed by atomic ab-
sorption spectrophotometry.12

Prior to firing activities, individual in-
terviews were conducted and question-
naires administered to obtain information
on demographic and other potential
sources of lead exposure. Venous blood
was drawn to obtain baseline values for
blood lead on June 17, 1987. A second
questionnaire was administered on July 7,
1987 to assess any symptoms of lead tox-
icity and to ascertain any other recent po-
tential sources of lead exposure. A third
questionnaire was administered on Sep-
tember 4, 1987 after the study was com-
pleted. Blood was drawn on June 18, 19,
July 7, and September 4, 1987 after each
firing activity. All samples were analyzed
according to the method of Brodie and
Routh (1984)13 by the National Health
Laboratory, Vienna, VA.

Results
The mean concentration of lead in

,ug/m3 for June 18, 19 and July 7, 1987 was
0.8 (range 0.3-1.2) in the background area
air samples and 87 (range 3.8-299) in gen-
eral area air samples during the firing. The

mean concentrations of lead for back-
ground and general area air samples dur-
ing use ofcopper-jacketed bullets for Sep-
tember 4, 1987 were 0.5 ,ug/m3 and 9.5
,ug/m3, respectively, as previously report-
ed.14 Use of copper-jacketed ammunition
resulted in an 89 percent reduction in lead
levels in general area air samples.

The instructors were exposed to dif-
ferent personal breathing zone air lead
concentrations on two sampling dates (Ta-
ble 1). The mean breathing zone lead level
with nonjacketed bullets was 67.1 pg/m3
for instructor #1, and 211.1 ,ug/m3 for in-
structor #2. The mean breathing zone
lead levels during use of the jacketed bul-
lets for instructors 1 and 2 were 5.4 P,g/m3
and 8.7 pg/m3, respectively. This resulted
in a reduction of 92 percent for instructor
#1 and 96 percent for instructor #2.

After use ofnonjacketed lead bullets,
the mean blood lead levelwas 1.16 p,mol/L
for instructor #1, and 0.68 ,umol/L for in-
structor #2 (Table 2). None of these val-
ues exceeded the current Occupational
Safety and Health Administration
(OSHA) return standard of 1.93 pmol/L
(40 p,g/dl) or removal standard of 2.4
,mol/L (50 pg/dl).15 After the use of cop-
per-jacketed lead bullets, blood lead levels
for instructors 1 and 2 were 1.06 ,mol/L
and 0.63 ,umol/L, respectively.

Discussion
All personal breathing zone lead level

samples collected on June 19 and July 7
were above the currentOSHA standard of
50 p,g/m3.15 The majority of air lead levels
for general area air samples and all breath-
ing zone samples taken while using non-
jacketed lead bullets were above the ac-
tion level of 30 ,g/m3, for an eight-hour,
time-weighted average (TWA).

The instructor blood lead levels mea-
sured during the nonjacketed lead bullet
study indicated increases inblood lead con-
centrations. Blood lead levels reflect very
recent lead exposures and are influenced
by inhalation and ingestion. They may not
reflect the total body burden of lead. Sev-
eral studies have suggested that inhalation
of air containing 1 p,g/m3 will increase the
blood lead concentrations of an adult by
about 0.048 p,moU/L when air lead concen-
trations range from 1 to 5 PLg/m3.1618 Public
health officials, as well as range owners,
should be aware of design problems and
work habits in outdoor ranges, especially
covered ranges where exposures of in-
structors and other users may occur.

While no definite case of lead toxicity
was encountered herein, the instructors ex-
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perienced increased levels of lead in their
blood while cadets were firing nonjacketed
lead bullets. Interviews conducted with in-
structors revealed that the firearm instruc-
tors commonly supervise new cadets two
to three times per month. This intermittent
supervision probably has prevented seri-
ous lead toxicity in these instructors. If
other covered outdoor firing ranges have
air lead levels similar to those found in this
study, frequent users would have an in-
creased health risk from the lead exposure
based on the present data.

The present study emphasizes a poten-
tial health risk of exposure to lead for fire-
arm instructors in this type ofoutdoor firing
range. Such levels were attributed to the
firing of conventional, nonjacketed, lead
bulletsbythe cadets. Inadequateventilation
may have contnbuted to the elevated lead
levels found in the general area air samples
and personal samples of the instructors.
This potential health risk was substantally
reduced by using totally copper-jacketed
ammunition. The use of jacketed ammuni-
tion, as shown in this study and other stud-
ies, was very effective in reducing the air
lead levels in general area and personal
breathing zone air samples.19-22 Even with
such short-time exposures, instructors
showed elevated blood lead levels. Reme-
dies to such exposures not only include the
use of jacketed ammunition but the ade-
quate ventilation of the facility. [1
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